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The superconducting, transport, and structural properties of optimally electron-doped
BaFe1.9Ni0.1As2 are investigated by combining the electrical resistance and synchrotron X-ray
diffraction measurements at high pressures. The superconducting transition temperature of this
system is found to decrease in a similar way of the axial ratio of c/a with increasing pressure but
vanishing at a critical pressure of 7.5 GPa where c/a has a dip and an isostructural transformation
from a tetragonal to a collapsed tetragonal phase takes place. The resistance is found to obey a
linear temperature dependence, evidencing the antiferromagnetic spin-fluctuations transport mech-
anism. The pressure effects are interpreted within the framework of pressure-induced Fermi surface
topology modification in which pressure suppresses both the quasiparticle effective mass and the
strength of the antiferromagnetic spin fluctuations leading to the reduction of superconductivity,
accordingly. The absent superconductivity in the collapsed tetragonal phase is suggested to result
from the complete suppression of the antiferromagnetic spin fluctuations.
PACS numbers: 74.70.Xa, 74.62.Fj, 74.25.F-, 61.50.Ks
I. INTRODUCTION
The recently discovered iron-based superconductors
have been attracting great interests because of their high
transition temperatures Tc’s and the resemblance with
the well-studied cuprates. Among all the iron pnictides,
the Ba-based 122 family is so far the most studied iron-
based system because of the availability of the high-
purity single crystal samples.1 This family shares the
common phase diagram as other iron arsenides. For ex-
ample, the undoped parent compound BaFe2As2 is mag-
netically ordered in a spin density wave (SDW) state.
With cooling, this material undergoes both structural
and magnetic transitions at about 140 K [2]. At am-
bient pressure, superconductivity emerges upon doping
by electrons,3 holes,4 or even isovalent elements5,6 when
the SDW instablity is suppressed. The maximum Tc’s
are achieved close to the optimal concentration where
the SDW state is completely suppressed. As a clean
tuning parameter of structural and physical properties
without introducing any disorder, the role of pressure
in inducting superconductivity was particularly high-
lighted in the 122 families. All the 122 parent com-
pounds become superconductors only under the appli-
cation of pressure.7–9 This indicates that subtle change
or contraction of the structure can switch on supercon-
ductivity from the neighboring antiferromagnetic (AF)
ground state. Extensive studies on various Ba- [9–27], Sr-
[9,10,16,28–31], Ca- [7,8,32], and Eu-based [33–36] 122
families have established that the 122 compounds have
a similar phase diagram with pressure as doping. Neu-
tron diffraction measurements37 on the parent compound
BaFe2As2 revealed many similarities between structural
distortions under pressure and chemical doping. Quan-
tum oscillation measurements38 reported that the quasi-
particle effective masses m⋆ in this parent in reality in-
creases with increasing pressure, directly pointing to the
importance of enhanced electronic correction for super-
conductivity.
Understanding pressure effect on superconductivity is
important for synthesizing, designing, and discovering
materials with higher Tc’s at ambient pressure by lat-
tice modification in a way to simulate the pressure en-
vironment. The most successful example along this di-
rection is the discovery of higher Tc’s in SmFeAsO1−xFx
through the chemical pressure.39 While the mechanism
of pressure in inducing or tuning superconductivity re-
mains unclear and is still a challenge, the optimally doped
compounds are believed to be a good candidate for in-
vestigating such an effect due to the absence of the in-
terplay and competition among the structural, magnetic,
and superconducting orders. These compounds thus of-
fer an ideal laboratory for elucidating the pressure ef-
fect on superconductivity with a maximum Tc over the
whole doping regime. There have been a lot of high-
pressure measurements of electrical and magnetic trans-
port properties of optimally doped Ba-based compounds
Ba1−xAx(Fe1−yBy)2(As1−zCz)2 (A=K [10]; B=Ru [27],
Co [12,15,22,24–26]; C=P [19]). However, these mea-
surements were limited to lower pressures. The inter-
esting physical properties in nonsuperconducting region
at higher pressures have not been uncovered yet. No
structural information has ever been reported for these
optimally doped compounds. A comprehensive study on
structural, transport, and superconducting properties of
an optimally doped Ba-based 122 system at high pres-
sures is therefore highly desirable.
2In this paper, the above mentioned issues are addressed
by combining the electrical resistance and synchrotron
X-ray diffraction measurements on an optimally doped
BaFe1.9Ni0.1As2. We demonstrate that pressure-induced
modification of Fermi surface topology accounts for the
pressure effects on structural transformation and super-
conductivity evolution. Our results suggest that AF spin
fluctuations should be the major player of the electrical
transport, structural and superconducting properties in
iron arsenic superconductors.
II. EXPERIMENTAL DETAILS
Single crystal sample BaFe1.9Ni0.1As2 was grown by
the self-flux method with the high-purity elements Ba,
Fe, Ni using FeAs as the flux, detailed procedures of
synthesizing the samples were reported previously.3 The
electrical resistance measurements were performed by a
standard four-probe method. Pressure is generated and
changed to the sample by using a diamond anvil cell
(DAC) with a pair of 500 µm culet size anvils. The prin-
ciple is based on pushing two parallel aligned diamonds
towards each other using a lever-arm system. A stain-
less steel gasket was preindented to 35 µm thick, and
then a hole with a diameter of 400 µm was drilled in
the center of the gasket. Cubic BN powders were put
into the gasket hole and on the surface of one side of
the gasket. After preindenting once more, an insulating
environment was created for loading sample and putting
electrical leads. Four electrical leads were then placed
on such an insulating layer and a BaFe1.9Ni0.1As2 crys-
tal with dimensions of 60× 60× 20 µm3 was put on the
tips of these electric leads. Ruby chips were put near the
crystal and NaCl powders were dropped surrounding the
crystal to serve as pressure transmitting medium. The
pressure was monitored by the ruby fluorescence.40
High-pressure powder diffraction was carried out with
the angle-dispersive X-ray diffraction experiments at
the Beijing Synchrotron Radiation Facility (BSRF). A
monochromatic X-ray beam with a wavelength of 0.6199
A˚ was used. A symmetric DAC with a pair of 300 µm
culet size anvils was used to generate pressure. A stain-
less steel gasket preindented to 35 microns thick with a
120 µm diameter hole was used as the sample chamber. A
small piece of sample pellet grounded from single crystals
with a ruby ball was loaded in the gasket hole. Neon was
used as pressure-transmitting medium to ensure better
hydrostatic pressure condition. The pressures were also
monitored by the ruby fluorescence shifts.40
III. RESULTS AND DISCUSSION
A. Pressure effect on superconductivity
Figure 1 shows the temperature dependence of the elec-
trical resistance R of BaFe1.9Ni0.1As2 at pressure of 0.9
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FIG. 1: (Color online) The temperature dependence of the
electrical resistance of BaFe1.9Ni0.1As2 at 0.9 and 11.5 GPa,
respectively.
GPa and 11.5 GPa, respectively. The superconducting
transition was signalled by the resistance drop. Here Tc
is determined from the intersection of the two extrapo-
lated lines; one is drawn through the resistance curve in
the normal state just above Tc, and the other is drawn
through the steepest part of the resistance curve in the
superconducting state. The Tc value of this sample is
20.5 K at ambient pressure.3 We find that the Tc is ba-
sically unchanged at pressure of 0.9 GPa. At 11.5 GPa,
we were not able to detect superconducting transition
drown to 10 K due to the limit of the experimental con-
dition. Therefore, additional low-temperature electrical
resistance experiments below 10 K are deserved to pre-
cisely pinpoint the disappearance of superconductivity.
In this electrical resistance measurement, zero resistance
was not observed even after a resistance drop. The fail-
ure for observing zero resistance is probably caused by a
minor resistance in the contact between sample and elec-
trodes or the contact between the electrodes and covered
insulating layer on the gasket or a non-hydrostatic pres-
sure condition created by the use of the solid pressure-
transmitting medium.
Figure 2 shows representative electrical resistance ra-
tios R(T)/R(50 K) of BaFe1.9Ni0.1As2 single crystal as a
function of temperature at different pressures. For pres-
sures less than 2 GPa, the R(T)/R(50K)-T curves of
this crystal are barely changed. With increasing pres-
sure, the curves shift to the lower temperatures. Above
6.5 GPa, superconductivity can not be detected in our
equipment capability down to 10 K, indicating super-
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FIG. 2: (Color online) Representative electrical resistance ra-
tio R(T)/R(50 K) of BaFe1.9Ni0.1As2 as a function of tem-
perature at different pressures.
conductivity below 10 K or the absence of superconduc-
tivity. Although the zero-resistance for superconducting
state has not been achieved for all pressures investigated,
the superconducting transition is recovered after decom-
pressing the sample to 3.3 GPa from the highest pres-
sure of 16.5 GPa. This demonstrates that the failure of
the detection of zero resistance at superconducting state
does not affect the determination of the Tc variation with
pressure.
Figure 3 shows the pressure dependence of the deter-
mined Tc in optimally doped BaFe1.9Ni0.1As2 from the
electrical resistance measurements. As can be seen, Tc
remains almost the initial value of 20 K at ambient condi-
tion below 2 GPa. With increasing pressure, Tc suddenly
drops. At applied pressure of 5.2 GPa, Tc reaches 11.5 K.
Upon compression from 6.5 GPa on, superconductivity if
existed must be below 10 K. The arrow indicates that
the Tc is either below 10 K if superconductivity occurs
or superconductivity completely disappears.
We found that the measured Tc data points at pres-
sures up to 5.3 GPa fall well into the fitting curve by
using the third order polynomial equation
Tc = Tc(0) + αP+ βP
2 + γP3 ,
with the zero-pressure Tc(0)=20.18±0.77 K, α = −0.52±
1.31 K/GPa, β = −0.04±0.57 K/GPa2, and γ = −0.33±
0.07 K/GPa3. When extending this tendency down to
the absolute zero temperature, we obtained a pressure of
7.5 GPa at which superconductivity is believed to dis-
appear. The solid line represents the polynomial fit to
experimental Tc(P) data points. The difference between
the observed resistance curve and fitting curve is quite
reasonable. We thus determined the boundary between
the superconducting and non-superconducting regions of
this optimally doped material. After decompression from
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FIG. 3: (Color online) Pressure dependence of the super-
conducting transition temperature Tc in optimally doped
BaFe1.9Ni0.1As2. The arrow indicates the Tc below 10 K
or the absence of superconductivity. The solid line is a fit of
the data points to the third order polynomial function.
highest pressure to 3.3 GPa, the Tc value is slightly hys-
teretic but still situates well on the Tc-P curve. It is
suggested that the pressure effect on Tc in this optimally
doped BaFe1.9Ni0.1As2 is reversible.
The obtained Tc reduction in the optimally Ni-doped
BaFe2As2 is similar to those in other Ba-based opti-
mally doped 122 compounds.10,12,15,19,22,24,26,27 The de-
tected pressure boundary between the superconducting
and nonsuperconducting regime is helpful for uncover-
ing the unknown behavior in nonsuperconducting region
of these optimally doped 122 compounds. Among the
studies on Ba-based 122 family, the substitution of Fe by
Co is similar to the Ni case because both provide elec-
tron doping on the parent BaFe2As2. Compared to Fe
2+
(3d6) ion, Co2+ (3d7) has one more 3d electron, but Ni2+
(3d8) has two more 3d electrons. It is therefore expected
that each Ni dopant induces two extra itinerant electrons,
whereas each Co dopant induces only one extra itinerant
electron. This offers a natural explanation for under-
standing the the optimal doping content of Ni equivalent
to that of only about half of Co. Actually, both Ni-
doped and Co-doped systems show maximum Tc at the
same effective doping level. Therefore, the observed pres-
sure effects in BaFe1.9Ni0.1As2 should capture the basic
high-pressure behavior in the sister BaFe1.8Co0.2As2.
B. Electrical transport
In order to gain insight on the behavior of elec-
trical resistance and superconductivity, we have fit-
ted the temperature dependence of the resistances of
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FIG. 4: (Color online) The fit of the normal state resistance
of BaFe1.9Ni0.1As2 at 11.5 GPa using a simple power law
R=R0+AT
n. The red line represents the linear temperature
behavior of the resistance.
BaFe1.9Ni0.1As2 at various pressures using a simple
power law R = R0 + AT
n, where the constant R0
represents the contribution to the resistance from the
electron-impurity scattering and the second term AT n
accounts for the contribution to the resistance from the
AF spin fluctuations with n=1 for non-Fermi liquid and
the electron-electron interaction with n=2 for Fermi liq-
uid. The fit to experimental data at 11.5 GPa is pre-
sented in Figure 4. It is seen that the experimental data
fit yields n=1 in a board range of temperature from 200 K
down to nearly 40 K. The resistances were found to gen-
erally obey the linear temperature dependence from 200
K down to 40 K for the pressures at which the sample is
in the superconducting and non-superconducting regions.
This electronic transport behavior is in good agreement
with the observations in other optimally doped com-
pound BaFe1.8Co0.2As2 [12,26].
The linear temperature dependence of the resistivity is
the benchmark of strongly correlated electron phenom-
ena in which the AF spin fluctuations are believed to
play an essential role on superconductivity. Inelastic neu-
tron scattering experiments on nearly optimally doped
Ba0.6K0.4Fe2As2 [41], BaFe2−xCoxAs2 (x=0.15,0.16) [42,
43], and BaFe1.9Ni0.1As2 [44–47] revealed the opening of
a gap in the spin-fluctuation spectrum and the develop-
ment of a resonant spin excitation at energies scaling well
with Tc. These results highlight that the AF spin fluc-
tuations are the most competitive driving force for the
mechanism of both the electronic transport and super-
conductivity in optimally doped 122 compounds. A mi-
croscopic theory of superconductivity for iron arsenides
has been developed with the emphasis the role of spin
excitations.48–50
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FIG. 5: (Color online) Pressure dependence of the lattice pa-
rameters a and c of optimally doped BaFe1.9Ni0.1As2 up to
18 GPa and room temperature.
C. Structural properties
High-pressure X-ray diffraction measurements were
performed to understand the Tc -P phase diagram of
the optimally doped BaFe1.9Ni0.1As2. Figure 5 shows
the pressure dependence of the lattice parameters a and
c of this material at room temperature. In the parent
compound BaFe2As2 [25,51], the lattice parameter a al-
ways exhibits intermediate anomalous expansion with a
S shape at high pressures. The obtained a and c in this
optimally doped material rather monotonically decrease
with increasing pressure, yielding a monotonic decrease
in the unit-cell volume V without any observable kink
or discontinuity (e.g. Fig. 6). As seen in Fig. 6, the
axial ratio c/a varies with pressure in a parabolic-like
way with a dip at a critical pressure between 6.8 and
8.7 GPa. This critical pressure level is exactly consistent
to that of 7.5 GPa where superconductivity disappears.
The axial ratio c/a of 3.22 at ambient conditions in this
optimally doped compound is smaller than 3.3 in the par-
ent compound.25,51 It is indicated that the critical pres-
sure for structural transformation in BaFe2As2 should be
higher than that in BaFe1.9Ni0.1As2. This is evidenced
from the structural measurements.25,51
It has been found25,51,52 that superconductivity is ab-
sent in high-pressure collapsed tetragonal (cT ) phase in
other 122 systems. The sudden increase in the c/a ratio
at higher pressures beyond a critical pressure together
with the absence of superconductivity indicates that the
optimally doped BaFe1.9Ni0.1As2 enters a cT phase upon
heavy compression. Recently, Sun et al. [53] found that
there are two superconducting regions in the 122*-type
iron-based superconductors and the second region has a
much higher the Tc than the first one when passing a
nonsuperconducting intermediate region. At the highest
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FIG. 6: (Color online) Pressure dependence of the ax-
ial ratio c/a and unit-cell volume V of optimally doped
BaFe1.9Ni0.1As2 up to 18 GPa and room temperature.
pressure of 16.5 GPa studied, there is no indication of the
appearance of superconductivity in the optimally doped
BaFe1.9Ni0.1As2.
D. Fermi surface topology
Now we explain the observed pressure effects on the
superconducting, transport, and structural properties in
optimally doped BaFe1.9Ni0.1As2 as a whole. A com-
parison study54 of doping and pressure effects on 122
compounds suggested that the mechanism for driving su-
perconductivity becomes common only if the system in
the overdoped regime where an increased itinerancy is
responsible for Tc reduction in both cases. It is therefore
expected that our observations and explanations are also
appropriate to this electron doped system in the over-
doped regime.
The Fermi surface consists of small hole and electron
pockets in iron-pnicitide superconductors. In general,
the application of pressure can modify the Fermi sur-
face topological structure, leading to the changes of the
density of states (primarily Fe 3d contribution) N(EF )
at the Fermi energy and the carrier effective masses m⋆.
Since N(EF ) generally correlates with Tc in conventional
BCS superconductors, it is natural to think whether
the pressure-induced change of N(EF ) could account for
the variation Tc in iron-pnicitide superconductors.
55 Our
observation of spin-fluctuations dominated quasiparticle
transport suggests that scattering electrons by spin fluc-
tuations from the electron to the hole sheets should be-
come weaker with increasing pressure. This effect proba-
bly leads to an expansion of both sheet volumes and a re-
duction inm∗ accordingly. Recently, the AF spin fluctua-
tions were indeed found to be substantially reduced with
increasing pressure in the optimally doped and overdoped
BaFe2−xNixAs2 (x=0.1,0.2) [56]. Our obtained Tc reduc-
tion with pressure in optimally doped BaFe1.9Ni0.1As2
is thus suggested to result from the pressure-induced re-
duction of the AF spin fluctuations. Thus, the pressure-
induced reduction of N(EF ) may not be a dominant fac-
tor in controlling Tc behavior. This is indicated from the
observations of the variation of Tc with the isovalent ele-
ment substitution of Fe by Ru or As by P in BaFe2As2 by
a nearly unperturbed N(EF ) [5,6] and the almost con-
stant maximum Tc in BaFe2(As1−xPx)2 at high pressures
from the undoped to optimally doped region.19
The application of pressure on the optimally electron
doped system brings about the expansion of the volumes
of electron and hole Fermi surfaces (yielding a reduc-
tion in m∗) and the reduction of the strength of the AF
spin fluctuations. Due to the similarity between the over-
doping and pressure, doping should have the similar ef-
fect. Measurements of the de Haas-van Alphen effect5 on
BaFe2(As1−xPx)2 indeed revealed a strong reduction in
m∗ when doping from the optimal level to the overdoped
side. Nuclear magnetic resonance (NMR) measurements
on this system confirmed that the AF spin fluctuations
monotonically decreases when doping away from the opti-
mal level.57 Magnetic measurements on optimally doped
BaFe2(As0.65P0.35)2 [23] further suggested that the Tc
reduction with pressure is mainly due to the pressure-
induced reduction of m∗ (or AF spin fluctuations) in the
ab plane. For electron doped 122 systems, a reduction in
the strength of the AF spin fluctuations with doping in
the overdoped regime has been found from both inelastic
neutron scattering and NMR measurements.42–47,58,59 A
correlation between Tc and the strength of the AF spin
fluctuations has been well established.
A close relationship between the axial ratio c/a
and superconductivity has been found in the parent
122 compounds.51,52 It is indicated that the three-
dimensional feature of the structure in these compounds
is in favor of superconductivity under pressure. The
observations of the consistent evolution of both the Tc
and c/a in the tetragonal phase in optimally doped
BaFe1.9Ni0.1As2 offer a strong support for this rela-
tionship. It is clear that the reduction of supercon-
duction under pressure is due to the weakness of the
three-dimensional structural feature. In fact, the three-
dimensional nature of the superconducting gap and its
sensitivity to the AF ordering wave vectors Q along the
c axis were reported from inelastic neutron scattering ex-
periments on the same optimally doped material.44–47
Specifically, Wang et al. [59] found that the anisotropic
spin gaps at the two wave vectors Q =(0.5,0.5,0) and
(0.5,0.5,1) decrease and spin excitations gradually trans-
form into quasi-two-dimensional spin excitations with in-
creasing electron-doping in BaFe2−xBxAs2 (B=Ni,Co).
As a result, both the Tc and spin resonance energies de-
crease on the overdoped side. It is thus indicated that
the axial ratio c/a is a good measure of the strength of
the AF spin fluctuations and thus the carrier effective
6mass in these 122 compounds.
At higher pressures, the 122 iron-based superconduc-
tors often undertake an isostructural transformation from
a tetragonal to a cT phase at a critical pressure where
superconductivity disappears.25,51,60 For the optimally
doped BaFe1.9Ni0.1As2 compound studied, the critical
pressure is determined to be 7.5 GPa after which the
material is no longer superconducting and the c/a ratio
climbs. It is therefore indicated that the isostructural
phase transition occurs at 7.5 GPa. At higher pressures,
the material enters a cT phase. This collapse was sug-
gested to be the onset of 4pz interlayer bond formation.
61
Recently, the suppression of AF spin fluctuations in the
cT phase was observed from the high-pressure inelas-
tic neutron scattering measurements on CaFe2As2 [62].
The absence of superconductivity in this cT phase was
found to be a result of the suppression or absence of both
static AF order and dynamic spin fluctuations. Thus, the
pressure-induced suppression of the AF spin fluctuations
must account for the absence of superconductivity in op-
timally doped BaFe1.9Ni0.1As2 at higher pressures above
7.5 GPa. Pressure-tuned change of Fermi surface topol-
ogy offers a natural explanation on the pressure effects on
structural and superconducting properties of optimally
doped BaFe1.9Ni0.1As2.
The observed c/a evolution with pressure indicates
that the ratio c/a could be the sensor of Fermi sur-
face topology in the optimally doped BaFe1.9Ni0.1As2.
The decrease in c/a with pressure supports the theoret-
ical prediction that three dimensionality of Fermi sur-
face leads to a more gradual decrease of Tc [63]. Recent
angle-resolved photoemission spectroscopy studies64 on
Ba(Fe1−xCox)2As2 revealed that the Z pocket undergoes
a drastic topological change from hole-like to electron-like
at roughly a critical doping level where superconductivity
vanishes. Similar to the observed c/a shape with pres-
sure, the Z pocket in Ba(Fe1−xCox)2As2 was observed to
behave parabolically in shape with electron doping. The
size of this hole pocket shrinks and approaches to zero at
the critical level, above which an electron pocket appears
and increases in size with further doping. The critical
doping level marks the Lifshitz transition. If the over-
doping and pressure also affect superconductivity in a
similar way, the Lifshitz transition should also take place
at our obtained critical pressure in BaFe1.9Ni0.1As2.
It should be noticed that the pressure-induced mod-
ification of Fermi surface topology is more complicated
for the undoped and underdoped 122 compounds based
on BaFe2As2 [9–27], SrFe2As2 [9,10,16,28–31], CaFe2As2
[7,8,32], and EuFe2As2 [33–36] due to the competition of
magnetic order and superconductivity, although there ex-
ist similarities between structural distortions under pres-
sure and chemical doping.37 Application of pressure al-
ways brings about the suppression of magnetic order
and the emergence of superconductivity for these com-
pounds. In contrast to the reduction of the AF spin
fluctuations with pressure or doping in the optimally
doped level or overdoped region, the applied pressure
usually leads to the enhancement of the AF spin fluc-
tuations and carrier effective mass in the undoped or un-
derdoped compound.38,65 Therefore, the underdoped and
overdoped regions in Ba-based 122 system have different
superconducting behaviors. A sharp peak of the zero-
temperature penetration depth was observed at optimal
composition in BaFe2(As1−xPx)2 [66]. These results im-
ply a possible crossover toward the Bose-Einstein con-
densate limit driven by quantum criticality.
IV. CONCLUSIONS
In conclusion, we have investigated the superconduct-
ing, transport, and structural properties of optimally
electron-doped BaFe1.9Ni0.1As2 by combining the electri-
cal resistance and synchrotron X-ray diffraction measure-
ments. We found that Tc remains its ambient-condition
value at pressures below 2 GPa but it decreases with in-
creasing pressure reaching 11.5 K at 5.2 GPa. Fitting
the measured Tc data points yields a critical pressure at
around 7.5 GPa at which superconductivity is expected
to disappear. Structural analysis shows that the axial
ratio c/a monotonically decreases with increasing pres-
sure but reaching a minimum at around 7.5 GPa. The
similar behavior of both the Tc and c/a implies that the
c/a ratio is a structural feature controlling superconduc-
tivity. The resistance in the temperature range between
40 and 200 K was found to obey a linear temperature
dependence, evidencing the importance of the antifer-
romagnetic spin fluctuations in this optimally electron-
doped compound. We proposed that pressure-induced
Fermi surface topology accounts for all these observed ef-
fects. The application of pressure leads to the reduction
of both the carrier effective mass and the strength of the
antiferromagnetic spin flucturations and the suppression
of superconductivity, accordingly. When pressure is ap-
plied above the critical pressure of 7.5 GPa, the material
enters a collapsed tetragonal phase where the antiferro-
magnetic spin fluctuations is completely suppressed and
the superconductivity is absent. These results suggest
that antiferromagnetic spin fluctuations are the the ma-
jor player of superconductivity and physical properties in
iron-pnicitide superconductors.
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